Objective: It was aimed to determine the risk factors for the development of retinopathy of prematurity (ROP) in premature infants. The factors affecting the need of laser photocoagulation (LP) were also investigated. Methods: The study was prospectively conducted at a tertiary neonatal intensive care unit (NICU) between March 2011 and August 2012. A total of 113 premature infants born at <37 weeks of gestational age were evaluated. The patients were divided into two groups according to ROP development; Group 1: with ROP and Group 2: without ROP. Results: In Group 1 (n=53), 15 patients (38.3%) had stage >2 ROP. LP was performed on 18 (33.9%) patients. While the mean birth weight and gestational age were lower, the rates of associated disorders, use of prophylactic or therapeutic caffeine for apnea, and need of red blood cell transfusion were higher in Group 1 compared to Group 2 (p<0.05). Multivariate analysis showed that the need of transfusion in the first 10 days of life has increased the risk for ROP (OR: 1.9, 95% CI: 1.1-3.3, p=0.01). In another model, it was determined that the higher gestational age and the absence of apnea or prophylactic caffeine use were associated with reduced need of LP [OR: 0.5, 95% CI: 0.2-0.9), p=0.02, and (OR: 0.1, 95% CI: 0.03-0.9), p=0.02), respectively]. Conclusion: Red blood cell transfusion in early neonatal period may contribute to the development of ROP. The use of prophylactic or therapeutic caffeine for apnea could negatively affect the progression of ROP with need of LP.
INTRODUCTION
Retinopathy of prematurity (ROP) is a preventable cause of blindness. It was first described in 1942 by Terry et al. (1) . The incidence of ROP has been on the rise due to the increasing number of viable premature infants in neonatal intensive care units (NICU). The most important risk factors leading to the development of ROP are the infant's gestational age, birth weight and immaturity (2) . Although the infants with a gestational age of <32 weeks and birth weight of <1500 g appear to be at high risk for ROP, it may also occur in infants older than 32 weeks and above 1500 g (3) . The studies conducted on etiopathogenesis of ROP showed that beside prematurity, other risk factors such as light exposure, blood transfusion, metabolic acidosis-alkalosis, sepsis, methylxanthine therapy, vitamin E-selenium-copper-magnesium deficiency, beta-blocker use, respiratory distress syndrome (RDS), pneumothorax, mechanical ventilation treatment, oxygen therapy, hypercarbia, perinatal asphyxia, patent ductus arteriosus (PDA), intracranial hemorrhage (ICH), necrotizing enterocolitis (NEC), chronic lung disease (CLD), renal failure, prolonged total parenteral nutrition (TPN), maternal bleeding, preeclampsia, chorioamnionitis, and in vitro fertilization play important roles in the development of ROP (4) (5) (6) . However, it is difficult to identify the main risk factors that contribute to the development of ROP since most of these conditions are already present in infants with serious systemic illness.
Nowadays, the most frequently used treatment types for ROP are close follow-up and laser photocoagulation (LP). There are few studies identifying the risk factors that affect the progression of ROP stage and need of LP in infants (7, 8) . Therefore, in this study, it was aimed to evaluate the main risk factors affecting the development of ROP in premature infants, as well as the need for LP treatment.
METHODS
The study was conducted as a prospective study at the tertiary neonatal intensive care unit (NICU) of Dr. Sami Ulus Maternity and Children Training and Research Hospital between March 2011-August 2012. During the study period a total of 2508 patients were followed up in NICU. Among them, 378 patients were at a gestational age of <37 weeks. Our inclusion criteria included all premature infants with a gestational age of <32 weeks, a birth weight of <1500 g, and premature infants with a gestational age between 32-37 weeks, needed of prolonged mechanical ventilation and having associated disorders such as anemia, apnea, RDS, PDA, ICH, NEC, CLD, perinatal asphyxia, and sepsis. Our exclusion criteria included the infants with a gestational age of ≥37 weeks and infants with severe congenital anomalies.
A total of 113 preterm infants who satisfied the study criteria were evaluated. The initial ROP examinations were performed when corrected age was 31 weeks in infants with gestational age of ≤27 weeks, while the infants born at or beyond 28 weeks were examined by the postnatal fourth to fifth week. All fundus examinations were performed by the same ophthalmologist (first author). Pupil dilation was ensured by administering a mydriatic combination of 2.5% phenylephrine HCl and 0.5% tropicamide, instilled one drop each in 2 to 3 doses, each five minutes apart, 1 hour prior to examination. Topical anesthesia was provided with 0.5% proparacaine HCl drops. A drop of 0.5% proparacaine was used for topical anesthesia. The fundus was examined with a binocular indirect ophthalmoscope and +28.0 dioptry lens, lid speculum, and scleral depressor approximately one hour, after the first instillation.
In all cases, the stages of ROP, location, and the extent of spread of the disease were classified according to the recommendations of International Committee for the Classification of Retinopathy of Prematurity (9) .
The follow-up examinations were performed once a fortnight in patients with low-risk pre-threshold disease, and at least once a week for ones with high-risk pre-threshold disease. Infants with normal vascularization of the retina to the ora serrata were not re-examined.
The patients were treated with indirect ophthalmoscopic argon LP [OcuLight GL (532 nm) Laser Photo-coagulator] of the entire avascular retina with near confluent burns when type 1 ROP developed, as determined by the Early Treatment for Retinopathy of Prematurity (ETROP) study (10) .
The patients were divided into two main groups according to development of ROP:
• Demographic and clinical data including the patients' gender, gestational age, birth weight, the presence of associated disorders such as RDS with prophylactic or therapeutic use of surfactant, significant PDA with ibuprofen use, indirect hyperbilirubinemia (IHB) requiring phototherapy, ICH (grade ≥2), apnea with prophylactic or therapeutic use of caffeine, hypotension (mean arterial pressure <35mmHg for infants between 1000 g and 1499 g and <30mmHg for infants <1000 g) with inotropic support, clinical or proven (culture positive) sepsis, NEC (grade ≥2), and CLD (oxygen dependency beyond 36 weeks of corrected age) with diuretic or steroid were recorded to previously prepared forms. The duration of total parenteral nutrition (TPN), the need of red blood cell transfusion for anemia, oxygen exposure, the number of hyperoxia (PaO2 ≥100 mmHg), hypoxia (PaO2 ≤40 mm Hg), and hypercarbia (PaCO2 ≥60 mmHg) episodes prior to onset of ROP were also evaluated.
Ethics
This study was performed with permission from the Keçiören Ethics Committee (Decision number: 144). Eye examinations and LP were performed after taking informed consent from the parents.
Statistical analysis SPSS 16.0 (SPSS, Chicago, IL) was used for statistical analysis. Kolmogorov-Smirnov test was used to determine the distribution of data. Data are expressed as the arithmetic mean ± standard deviation (SD) or median (min-max), as appropriate. Differences among two groups were analyzed by Student's t-test or Mann-Whitney U test. The chi-square test was used to compare the categorical variables. Pearson or Spearman test was used to analyze correlation between variables. The odds ratio (OR) and logistic regression analysis were done with development of ROP as the dependent variable and possible risk factors of interest as independent variables. Multivariate analysis was repeated for need of LP as the dependent variable. The level of significance was set at 5% for all comparisons.
RESULTS
Of the 113 cases included in the study, 60 (53.1%) were male. The median gestational age was 30 weeks (24-36) with a mean birth weight of 1412 ± 473 g. The first ROP examination was performed at 34 ± 3.0 weeks of corrected age.
The patients were divided into two groups according to ROP development. Group 1 (with ROP) included 53 and Group 2 (without ROP) included 60 patients. ROP incidence was 46.9% in the study group. Among patients with ROP, 19 (35.8%) were <1000 g. Sixty patients (53.1%) were in Group 2 (without ROP). Table 1 shows comparison of the patients with and without retinopathy of prematurity.
Comparison of clinical data in the patients according to ROP development
When compared to Group 2, birth weight and gestational age were lower; the rates of associated disorders were significantly higher among patients with ROP. The use of caffeine for apnea and need of inotropic support for hypotension were more frequent in Group 1 (p<0.05). Transfusion rate, number of transfusion, and need of transfusion in the first 10 days of life were higher in the same group (p<0.05). It was noticed that infants with ROP had prolonged oxygen exposure and hyperoxia/hypoxia and hypercarbia episodes before onset of ROP were more frequently detected in Group 1 compared to Group 2 (p<0.05).
There were positive correlations between the age at onset of ROP and gestational age (r=0.47, p=0.001), birth weight (r=0.36, p=0.007).
In multivariate analysis, when possible risk factors for development of ROP were assigned as gestational age, having RDS, PDA and sepsis, use of caffeine, need of transfusion in the first 10 days of life, duration of TPN and total oxygen exposure, it was found that the need of transfusion in the first 10 days of life has increased the risk for ROP (OR: 1.9, 95% CI: 1. Comparison of the clinical data in patients with ROP according to need of laser photocoagulation Table 2 shows comparison of the clinical data in patients with ROP according to need of LP. The mean birth weight and gestational age were lower in patients with need of LP (p<0.01). Among patients needed LP, 7 (38.8%) were <1000g. Although, the incidence of NEC was higher in Group 1a (p=0.03), the rates of other associated disorders were similar between the two subgroups (p>0.05). The patients in Group 1a had longer durations of TPN and total oxygen exposure (p<0.01). There was no difference according to the number of hypoxia episodes (p>0.05), but hyperoxia and hypercarbia were more frequent in Group 1a (p<0.05).
In logistic regression analysis, it was determined that the higher gestational age and the absence of apnea or prophylactic caffeine use were associated with reduced need of LP [OR: 0.5, 95% CI: 0.2-0.9), p=0.02, and (OR: 0.1, 95% CI: 0.03-0.9), p=0.02), respectively].
Although the median corrected ages at the first ROP examination and onset of ROP were similar between LP subgroups, the median ROP stage at the time of the first examination was greater in Group 1a. The rate of plus disease was also higher in the same group (Table 3) . (4) . In this study we investigated the risk factors for the development of ROP in premature infants. The factors affecting the need of LP were also evaluated.
In the CRYO-ROP study, the incidence of ROP was found to be 65.8% in infants who were <1251 g, and 81.6% in infants who were <1000 g (4). Shah et al. (11) found the incidence of ROP as 39.4% in the presurfactant period compared to 25.6% in surfactant period. In a recent research from Turkey, 330 infants with a gestational age of ≤34 weeks were evaluated for ROP. The authors reported that no treatment was needed in infants after 32 weeks of gestation with ROP incidence of 32.1% (12) . In the current study, the infants with a gestational age of <32 weeks and 32-37 weeks but at high risk for ROP were examined. We found ROP incidence as 46.9%. Among patients with ROP 19 (35.8%) were <1000 g. LP was needed in 18 (33.9%) of patients with ROP.
Traditionally, it is recommended for all infants with a gestational age of <32 weeks and a birth weight of <1500 g to be screened for ROP. However, ROP development due to environmental factors has been reported in infants who were >32 weeks (13) . In our study, ROP was identified in 25% of infants with a gestational age between 32-37 weeks. This demonstrates that, independently from the gestational age, other risk factors also play a significant role in the development of ROP.
As observed in our study, RDS and CLD are known to be increased the risk of ROP due to hypoxia and the need for oxygen therapy. There are different opinions regarding the effects of surfactants on the development of ROP. Although it has been reported to provide pulmonary stability by reducing the duration of mechanical ventilation, and thus to reduce the prevalence by decreasing risk factors associated with ROP, there are also publications claiming that it increases the frequency of ROP (14, 15) . In our study, ROP incidence was observed to be higher in infants who were treated by prophylactic or therapeutic surfactant. This may be due to the fact that surfactant therapy increases the survival rate. In these cases, it was assumed that the higher incidence of the ROP was caused by exposure to hyperoxia resulting from the sudden increase in arterial oxygen pressure along with surfactant administration at early stage in life.
One of the main factors in the pathogenesis of ROP is hyperoxia. During intrauterine life, the fetus' arterial oxygen pressure is between 30-35 mmHg. This value increases to 60-80 mmHg soon after birth. In addition, hyperoxia, which is caused by respiratory support given to premature infants for respiratory problems, suppresses the release of the vascular endothelial growth factor (VEGF) in the premature retinal blood vessels and prevents retinal vascularization (16) . In our study, we observed that the infants with ROP had prolonged oxygen exposure. Total oxygen exposure was also higher among infants who needed LP. Although hypercarbia has also been reported in experimental studies as a risk factor for the ROP development, the results of certain clinical trials are controversial (17) . We showed that episodes of hypercarbia were observed more frequently in cases that developed ROP, suggesting that carbon dioxide may cause retinopathy with mechanisms similar to those of oxygen.
Another condition that leads to ROP is apnea. Apnea is a paradoxical response to hypoxia resulting from the insufficient stimulation of the respiratory center due to immaturity. Nowadays, one of the most commonly drugs used for the treatment of apnea of prematurity is caffeine. Caffeine was reported to decrease the incidence of CLD and to improve the neurodevelopmental outcomes (18) . Although the relation between ROP and apnea is well known, there is limited number of studies investigating the effects of caffeine on the development of ROP. In these studies, caffeine was demonstrated to have no effect on the incidence of ROP (19) . However, in our study, the incidence of ROP was higher among infants having prophylactic or therapeutic caffeine. While the reason for this observation is not very clear, it is probably due to frequent apneic episodes.
It is reported that the presence of significant PDA can lead to ROP. The shunt which develops from the aorta towards the pulmonary artery in symptomatic PDA causes hypoxia in peripheral tissues. Although some studies claim that PDA is not associated with ROP, the majority of research suggest that it increases the incidence of ROP (5, 6, 20) . In our study, the incidence of PDA was found to be higher among those with ROP.
In our study, we demonstrated that red blood cell transfusion in the first 10 days of life adversely affected the ROP development. As the blood used in transfusions contains adult-type hemoglobin, a higher percentage of oxygen is consequently sent to the tissues.
It is known that this situation facilitates the development of the ROP by damaging effect on the retinal blood vessels (21) . Erythrocytes in donor blood are short-lived, and their withdrawal from circulation leads to the storage of their iron; this in turn plays a role in the development of ROP. Protection from free iron is ensured by transferrin, but the level of this protein is very low in the premature infants. In the study of Inder et al. (22) , it was determined that excessive erythrocyte transfusion to very low birth weight premature infants leads to an increase in serum iron and transferrin saturation, causing an increase in ROP risk independently from gestational age, postnatal steroid use and the number of oxygen treatment days. In the same study, serum iron has been shown to play a role as a strongly oxidative agent that triggers lipid peroxidation by converting radicals of low reactivity, such as hydrogen peroxide and superoxide, into highly reactive hydroxyl radicals.
There are rare studies investigating the risk factors for need of laser in patients with ROP. Alpay et al. (12) reported RDS and low gestational age to be the most important risk factors in patients requiring LP. Thomas et al. (23) have observed a higher need of LP treatment among ROP patients with more frequent pre-LP desaturation and with a high degree of oxygen saturation variability. Ikeda et al. (24) have found that ROP patients in need of LP treatment had a higher incidence of sepsis, blood transfusions and surfactant administration. In our study, patients with ROP were also divided into two subgroups according to need of LP, and both subgroups were compared for clinical data. The mean birth weight and gestational age were lower in patients with need of LP. The patients in LP group had longer durations of TPN and total oxygen exposure Hyperoxia and hypercarbia were more frequent in these patients. Thomas et al. (25) , have identified late neonatal sepsis as an independent risk factor in patients with pre-threshold/threshold ROP and plus disease.
In our study, although there was no difference according the sepsis rate, the frequency of NEC was found to be higher in the group requiring LP. NEC is a condition associated with bowel infarction in which proinflammatory cytokines play an important role. The higher need for LP in cases with NEC may be due to the association of the bowel infarction with general hypoxia. It has been suggested that, in the presence of systemic infection, damage and proinflammatory cytokine release in the newly developing retinal blood vessels may lead to VEGF release and contribute to severe ROP development.
CONCLUSION
Since ROP is known to be multifactorial, each field should determine and establish its own risk factors. Although low birth weight and early gestational age are important risk factors, red blood cell transfusion in early neonatal period may contribute to the development of ROP.
